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RETROGRESSION THE LOWER COLORADO 
RIVER AFTER 1935 


STANLEY? 


River surveys the Colorado River below Hoover Dam Arizona- 
Nevada and Arizona-California indicate that approximately 125,000,000 
material was scoured from the river bed between the dam and Havasu Lake 
from 1935 1946. Steepening the river slope for many miles downstream 
has resulted. From the time the Parker Dam closure 1946 ap- 
proximately 135,000,000 was removed downstream from Parker Dam. 
The major part this material was deposited the Imperial Reservoir area 
until 1945, since which time nearly ali the sediment has been carried past 
Imperial Dam. River surveys begun below Imperial Dam 1940 indicate 
that approximately 65,000,000 material was removed from the river 
bed between Imperial Dam and the International Boundary from 1940 
1946. The suspended sediment load carried the Colorado River Yuma 
has been reduced approximately 10,000 tons per day discharge 
10,000 per sec from the approximately 100,000 tons per day which car- 
ried the same discharge before Hoover Dam was closed. 


INTRODUCTION 


The completion Hoover Dam 1935 marked turning point the his- 
tory the development the Colorado River. 

Millions tons sediment eroded from the 242,000 miles its water- 
shed (see Fig. were carried the Colorado River the Gulf California 
(in Mexico) each year prior completion Hoover Dam. Depending partly 
intensity and quantity precipitation, and partly distribution precipi- 
tation over the watershed, the river bed underwent alternate periods building 
and wearing down. Occurrence heavy precipitation in, and resultant 


high runoff from, the upper watershed caused immense loads sediment 
comments are invited for publication; the last discussion should submitted 
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carried down the river, and even caused removal sediment previously de- 
posited the river bed. the other hand, when excessive precipitation 
occurred over the drainage area the lower river, heavy material was carried 
from the tributaries into the main channel and deposited there, forming barriers 
that resulted building the river. This building would continue until 
another flood sufficient magnitude tear out the barriers descended from the 
upper river. Again lowering would occur, until new barriers were formed. 
When Hoover Dam was placeu operation, all sediment from the upper basin 
was thenceforth trapped the reservoir. addition, the dam and reservoir 
have largely eliminated the annual floods, far the lower river concerned. 

Parker Dam, about 150 miles 


downstream from Hoover Dam, 


Roosevelt Salt Lake sion water for municipal and in- 

fornia, Parker Dam serves mini- 

the effects floods from the 

drainage area below Hoover Dam. 

Imperial Dam, about 305 miles 


also was completed 1938. This 
dam provides fixed water-surface 
elevation for diversion irrigation 
water agricultural lands Ari- 
zona and California. Davis Dam, 
about miles downstream from 
Hoover Dam, will utilized re- 
regulate the flow the river below 
Hoover Dam. 

Thus, the river controlled certain points; but intermediate points 
the forces the flowing water are still felt, they were before construction 
the dams. Material scoured from the river bed one place deposited 
another. Effects lands adjacent the river are varied they were be- 
fore the construction the lands are completely eroded, some are 
left “high and dry,” some are isolated the changing river course, and some 
are inundated. areas where land valuable, these tendencies the river 
channelization prevent erosion, and construction levees 
prevent inundation. 


RETROGRESSION BETWEEN Hoover Dam AND Davis Dam 


With the closure Hoover Dam, the Bureau Reclamation instituted 
program river surveys selected sites downstream from the dam, for the 
purpose obtaining approximate record the volume material carried 
the river. first, the measured reach extended only miles, but 
months later was extended another miles because scouring action had be- 
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gun beyond the original reach. Measurements were being made miles down- 


stream year after closure the dam. The surveys have been extended 


this manner from time time until, 1941, measurements were being made 
miles into Havasu Lake, 120 miles below Hoover Dam. 

During the first months operation, the clear water released from the 
dam scoured material from the river bed average depth ft, mile 
downstream from the dam, and depths from the first 
miles, with river discharges from 5,000 per sec 15,000 per sec. 
Scouring material continued the following months; but, because 
moval the finer material, the river could not recharge itself capacity with 
the coarser material remaining, and therefore began picking small amounts 
material farther downstream. 

Not until Hoover Dam had been operation for more than years was 
necessary release water appreciable quantities. fact, the average 
monthly discharge seldom exceeded 11,000 per sec, until May, 1941, when 
flood releases were begun. For the next months the discharge from Lake 
Mead averaged 26,500 per sec. was expected that this high average 
discharge (nearly three times the average for the previous years) would dis- 
lodge, and carry downstream, large volumes material, even from the first 
13-mile stretch, which had become stabilized for discharges prevailing before 
that time. The expectation was realized for the lower reaches, but not for the 
first miles. lowering about which had already occurred the 
lower end the first 13-mile reach was not increased appreciably, indicating 
that rock reef large boulders had been uncovered. Similarly, point 
about mile below the dam, lowering ft, which had already occurred, was 
not increased. intermediate points, additional lowering from 
took place, but the control uncovered the lower end prevented material from 
being brought down appreciable quantities. 

During this 10-month period high discharge, considerable scour took 
place farther downstream, however. the lower end the second 13-mile 
reach, previous lowering was increased ft. (By the end 1946 
this lowering had increased and appeared stabilized.) Also, large 
quantities bed material were removed from the reaches farther downstream. 
Some indication the magnitude quantities eroded February, 1946, may 
obtained from examination Table which shows estimated volumes 
material removed (—) and deposited (+) between Hoover Dam and Havasu 
Lake. Volumes have been computed the basis area changes river 
sections, assuming the sections representative their respective reaches. 

was mentioned previous paragraph that greater amount scour 
occurred miles from the dam than the dam. The average bed slope, 
therefore, now (2.0 per mile 1950) greater than was originally (1.7 
per mile). The same phenomenon noted for the next 13-mile reach, the 
original average bed slope being 1.6 per mile (2.0 per mile 1950), which 
indicates more easily erodible material—that is, smaller amounts coarse 
material greater distances from the dam. Over the next miles Davis 
Dam the average slope 1.7 per mile about the same the beginning 
measurements. 
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Now that actual measurements rates removal are available, 
interest compare the actual rate with the theoretical. has long been 
known that the capacity flowing water for carrying sediment usually varies 
approximately with some power the discharge, other variables remaining 


(In THOUSANDS 


Approxi- 
Approximate 
flow 1-16 16-19 19-23 23-27 
12.2 8,100 — 816 — 1,262 — 2,378 
12.0 8,300 — 774 — 1,682 — 2,221 — 3,732 
January, 1939, January, 1940........ 13.3 12,100 869 1,572 4,648 
February, 1940, to April, 1941......... 14.4 10,600 — 447 — 1,300 — 1,883 — 5,892 
May, 1941, to February, 1942.......... 10.5 26,500 — 774 — 3,590 — 7,587 — 5,440 
March, 1942, to January, 1943......... 10.2 19,800 — 144 - 94 — 2,564 — 2,928 
February, 1943, July, 1943.......... 6.0 17,300 341 5,818 
rs August, 1943, to March, 1944.......... 8.7 20,000 —- 39 — 691 — 3,348 — 4,478 
April, 1944, February, 1946......... 21.9 18,200 150 398 1,016 


Material removed denoted ‘‘—’’; and material deposited denoted ‘‘+.’’ Measurements were 


constant. the study the sediment problem the Colorado River 
was estimated that, for the Colorado River, this power the discharge was 
approximately the square. test the applicability the theory, data from 
Table were used compute the theoretical monthly rates removal 


15,0002 


which the actual average discharge; the theoretical rate scour 
when 15,000 per sec; and the measured rate scour. Fig. 
the plotted points represent values computed Eq. using the data Table 
will noted that Fig. begins with the year 1937, this being the first year 
which measurements extended far Davis Dam (section Considering 
that all data used Table and Fig. are from field without 
laboratory-type control, the points Fig. have surprisingly small degree 
scatter. 


AGGRADATION THE RIVER VALLEY DOWNSTREAM FROM Davis Dam 


Early 1938 river surveys the first 19-mile reach downstream from the 
present location Davis Dam were begun, the regular course extending 
measurements below Hoover Dam; and 1939 they were extended addi- 
tional miles, point opposite Needles, Calif. 

before, these extensions were made because scouring action was begin- 
ning the downstream end the reaches already measured. far, the 
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chief interest had been the lowering the river caused the discharge 
clear water from Hoover Dam. The question what happened the material 
the river had picked and carried farther downstream was thought 
lesser interest. 


AND (+)* BETWEEN Hoover Dam, AND 


YARDS) 


Approximate dates? 
27-31 31-33 33-34 34-40 40-43 
18.7 8.9 6.2 13.8 7.6 Distance, miles 

Year 1935 

Year 1936 

Year 1937 
2,589 Year 1938 
1,283 255 January, 1939, January, 1940 
5,948 —2,168 833 February, 1940, April, 1941 
5,160 +2,415 2,973 +12,522 333 May, 1941, February, 1942 
2,318 —2,86 3,044 550 March, 1942, January, 1943 
3,003 —1,764 606 +53,598 +1,049 February, 1943, July, 1943 
+1,508 1,176 —2,154 August, 1943, March, 1944 
4,122 +1,612 April, 1944, February, 1946 
—32,203 —8,442 +11,797 +66,120 +1,390 Totals 


begun the period which the volume first appears. 


Approximate mean flow, cubic feet per second. 


1940, however, the water-surface elevation the valley between 
Needles and Topock, Ariz., began rise because the deposit material 
brought down from upstream. Examination the records earlier water- 
surface elevations revealed that rise water elevation this area had been 
occurring gradually, although spasmodically, for many years. Records dating 
back 1902 indicated long-time average rise about one third foot per 
year, there being short periods rapid rise and others rise and, some- 
times, even period lowering. Beginning 1935, the rise was arrested, 
had been earlier years. 1940 the rise was resumed, also earlier 
years. the end 1944, the rise again was arrested and lowering began. 
The rise elevation which began 1940 focused attention the deposit 
the material well its removal. Therefore, 1941, the river surveys 
were extended about miles farther downstream, into Havasu Lake. 

Referring again Table indication the magnitude deposit the 
valley from Needles Havasu Lake may obtained. The total the de- 
posit shown the columns for sections amounts nearly 78,000,000 
yd. The total volume sediment carried downstream below section 
(that is, into Havasu Lake) estimated about 40,000,000 yd, only 
about the original lake capacity. 


RETROGRESSION BELOW PARKER DAM 


the time Parker Dam was closed, Hoover Dam had been operation for 
more than years. Only little change the river and below Parker Dam 
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had occurred during those years. Therefore, changes occurring the river 
were essentially the same the river had been its virgin state, lacking only 
the annual floods former years. 

When the lake was formed behind Parker Dam, all the sediment from up- 
stream was trapped, and the clear water issuing from the dam attempted 
regain its natural load scouring material from the river bed downstream. 
During the first months operation Parker Dam, the river bed for the 
first miles downstream was lowered average nearly ft. Material 
uncovered this depth apparently was too coarse moved the dis- 
charges that prevailed, because further appreciable lowering occurred be- 
tween that time and the end 1940, when measurements the first 15-mile 
reach were discontinued because construction the Headgate Rock diversion 
dam. 
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Fie. Scour THE Hoover Dam Davis Dam 


Retrogression downstream from Headgate Rock has continued, however. 
Scour over the first miles has occurred rather uniform rate, reaching 
total depth from 1945. Over the next 40-mile reach (within 
which located the intake the Palo Verde Irrigation District facilities 
California), depth scour has been from to6ft. Within the next miles, 
the depth scour tapers rather uniformly zero, the upper end the 
aggraded area about miles above Imperial Dam. 

indication the quantities bed material that the river has transported 
bringing about these many changes between Parker and Imperial dams 
furnished Table with the quantities shown Table those Table 
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can regarded only estimates, approximations, because field measure- 
ments over the long reaches the river necessarily cannot sufficiently ex- 
tensive permit exact determination. 


EFFECT RETROGRESSION THE DIVERSION INTO PALO 
VERDE CANAL 


The Palo Verde Irrigation District diverts water from the Colorado River 
about miles downstream from Parker Dam. The history river elevations 
the intake, before the construction Hoover and Parker dams, one 
continual change. During the early years, difficulty diverting sufficient 


TABLE QUANTITIES MATERIAL REMOVED (—) 
AND (+)* BETWEEN PARKER AND IMPERIAL 
(IN THOUSANDS CuBIC YARDS) 


BETWEEN SECTIONS 


Approxi- 
Subtotal 
mean ubtotal, 
Sept., 1937, Jan., 1940...... 10,400 +25,064 +33,517 +58,581 
Oct., 1940, Oct., 1941....... 17,700 —18,926 —15,742 —34,668 3,307 —25,579 —28,886 
Material removed denoted ‘‘—’’; and material deposited denoted Measurements were 


begun period which the volume first appears. 


water for irrigation was experienced times, because the lowering the 
river bed. During cycles aggradation, the other hand, plentiful supply 
was easily diverted. Periods rising river elevations the intake usually were 
caused meandering the river downstream, the slowing the water being 
responsible for deposit part the sediment load the river. When the 
meandering became excessive and threatened the levee system the district, 
cutoffs were constructed strengthen the channel With the shortened river 
course and increased slope, material was scoured from the river bed again, re- 
sulting lowered elevation the intake. When Parker Dam was closed 
1938, the elevation was sufficiently high permit satisfactory diversion; but, 
early 1944, the scouring action the river had lowered the bed opposite the 
intake about ft, and became impossible divert sufficient water for 
irrigation needs. emergency measure restore gravity diversion during 
World War II, temporary rock weir was constructed upstream from the old 
intake, suitable site being available downstream. new intake and head- 
works were constructed simultaneously; and April, 1945, full gravity diver- 
sion had been resumed. Studies are continuing looking toward permanent 
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remedy which the district can solve its problem water supply, replace 
the temporary solution provided the weir. 


AGGRADATION THE RIVER UPSTREAM FROM IMPERIAL 


The river bed has continued scour for distance about miles down- 
stream from the weir, 100 miles downstream from Parker Dam. Much 
the material eroded from upstream has been deposited over the remaining 
miles Imperial Dam, with the result that the reservoir above the dam has 
been almost completely filled with sediment. This reaction was anticipated 
when Imperial Dam was designed, course, and mechanical desilting works 
were designed and built the same time The desilting works are 
operated constantly, removing some 500 tons 5,000 tons sediment daily 
from water diverted into the All-American Canal (in California). 

The deposit laid down for miles above Imperial Dam now (1950) 
comparatively steep slope. Whereas the water above the dam 
originally extended about miles upstream normal operating level, the pool 
now extends only few thousand feet, the water level rising average slope 
0.7 per mile for the first miles. For the next miles the slope averages 
1.0 per mile; and, for the next miles, about 1.3 per mile. Depth 
deposit this 55-mile reach the river ranges from zero the upstream end 

interesting phenomenon noted connection with this deposit which 
has occurred upstream from Imperial Dam. The river has spread out over 
considerable width adjacent its normal channel, encouraging plant growth 
and the accompanying swamp conditions many places. This condition 
contrasts with the condition accompanying the aggradation the river bed 
the same area after completion Laguna Dam 1909, about miles down- 
stream from Imperial Dam. After completion Laguna Dam, the river bed 
upstream was built up, the river dropped part its sediment load 
attempt readjust its slope and bring about new balance. Unlike present 
conditions, however, the deteriorated channel and accompanying swamp 
conditions were not prevalent. The river, still its natural state, was subject 
flood flows the spring and summer every year. These floods tended 
clean out channel through which the water could flow during the remainder 
the year. Thus, the course the river remained rather well defined over the 
major part the aggraded area above Today the control afforded 
Hoover Dam eliminates the flood flows former years, and hence the annual 
cleaning out the channel does not occur. 


VERDE AND CIBOLA VALLEYS 


Flooding much the land the river valley upstream from Imperial 
Dam was anticipated the time the dam was designed. However, many 
hundreds acres this area are under the control the federal government. 
Therefore, damage individual owners along the river has been negligible. 
old difficulty has continued, however, connection with free discharge 
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drainage water from the lands the Palo Verde Irrigation District. main 
drainage ditch for the district discharges into the Colorado River the ag- 
graded area about miles upstream from Imperial Dam. With the rise the 
river bed, the water-surface elevation the outlet the drain has risen, thus 
further interfering with the proper drainage the lands. This condition has 
been improved least temporarily rectifying the river channel and below 
the mouth the drain, permit the water escape more readily and thus 
lower the elevation the flow the drain. 


RETROGRESSION BELOW IMPERIAL DAM 


Imperial Dam was placed operation April, 1938. The comparatively 
clear water issuing from the dam during the first few years its operation 
scoured large volumes sand and silt from the river bed downstream, 
happened below Hoover and Parker dams after their closure. Surveys for the 
determination the magnitude changes taking place below Imperial Dam 
were not begun until 1940, however. During the succeeding years nearly 
65,000,000 material were picked from the river bed and carried 
downstream past the International Boundary. result, the river bed 
this area has been lowered slightly the 5-mile reach between Imperial and 
Laguna dams, average about between Laguna Dam and Yuma, Ariz., 
and from between Yuma and the lower International Boundary. 


TABLE VOLUMES MATERIAL REMOVED 
ARIZONA—CALIFORNIA 


Approxi- 
xima 
Approximate dates months Subtotal, 108- Subtotal, 
208 
Distance, miles.............. 4.4 8.8 5.5 18.7 4.4 8.8 15.6 47.5 
Total, January, 1940, January, 1946.......... —539 —2,539| —63,710 
Material removed denoted and material deposited denoted Measurements were begun the 


period which the volume first appears. 


Estimated quantities material removed from the river bed between 
Imperial Dam and the International Boundary are shown Table 
information available regarding the quantities that may have been removed 
between the time closure 1938 and the beginning measurements 
1940. However, the rate scour during that period equaled the average 
rate measured since 1940, additional 20,000,000 would have been 
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removed, making total, since closure Imperial Dam, about 85,000,000 
yd. Measurements made below the International Boundary the 
Mexican government indicate that the scouring action has continued for some 
distance into Mexico, the material being carried downstream toward the Gulf 
California. 

indication the reduction suspended sediment load carried the 
river Yuma result building upstream dams given Fig. which 
are shown total suspended loads, tons per day, plotted against river dis- 
charges, cubic feet Before construction Hoover Dam, roughly 
100,000 tons per day was carried discharges 10,000 per sec. During 
the first few years after the closure Hoover Dam 1935, only slight reduc- 
tion occurred. Thus, the 600 miles between Hoover Dam and Yuma, the 
river scoured material from its bed almost equal total quantity that carried 
the natural state given discharge. Beginning 1938, when Parker and 
Imperial dams were closed, reduction load per unit discharge was noted; 
and 1942, discharge 10,000 per sec, total load only about 
10,000 tons per day was suspension Yuma, compared with the 100,000 
tons per day earlier years. 


Lands the Yuma Project lie adjacent the Colorado River downstream 
from Laguna Dam. Water has been diverted for some these lands since 
1890. acreage the irrigated area increased, drainage the lands became 
more and more important problem. Therefore, early the development 
the project, pumping stations were established pump the drainage water 
back into the river. was necessary operate the pumps for considerable 
periods nearly every year prior the closing Imperial Dam. result 
the lowering the river bed which began when the dam was placed operation, 
natural drainage has been restored much the land. 


EFFECT RETROGRESSION ALAMO CANAL 


Beginning 1902, the Imperial Valley California diverted water from the 
Colorado River into the Alamo Canal until the completion Imperial Dam 
1938. The water supply for the valley now diverted, Imperial Dam, into 
the All-American Canal. Mexican water users still divert into the Alamo 
Canal, the intake for which the United States, about miles downstream 
from Yuma. Before the flow the river was controlled Hoover Dam, the 
elevation the river nearly always was high enough permit satisfactory 
diversion into the canal during the spring and summer months when the river 
was flood. other seasons the year was sometimes necessary resort 
such measures placing temporary brush weir across the river, raise 
the water level high enough divert into the When Hoover Dam was 
placed operation, the seasonal fluctuations the quantity flow were 
largely eliminated, and for several years water could diverted during the 
entire year with little difficulty. the river bed continued lowered 
scouring action, however, became increasingly difficult divert water any 
time. late summer 1944, became necessary for the Mexican govern- 
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ment request delivery water the Alamo Canal via the All-American 
Canal. The request was granted, and water was supplied this manner for 
about months. With the reduced irrigation requirements and the slightly 
higher flow the river during the succeeding fall and winter months, was 
possible divert directly from the river. 

Each year since 1944 has been necessary resume deliveries via the 
All-American Canal. permanent solution this particular problem will 
realized when the present treaty between Mexico and the United States 
regarding utilization the waters the Colorado and other international 
rivers becomes fully operative. The treaty provides for delivery specified 
quantities water each year via the All-American Canal, and also required 
the treaty Mexico building diversion dam the Colorado River down- 
stream from the northernmost International Boundary. 


SUMMARY 


This paper has discussed briefly the changes the Colorado River since the 
construction Hoover Dam. intended factual presentation, not 
evaluation what changes might have taken place even had Hoover Dam not 
been constructed. Because the interest the development the Colorado 
River and because the future problems that may have solved, continued 
observation, accumulating unbroken record the physical history the 
river, will great value. 
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